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© A signal insertion processor and an encoder using the processor. 



© A processor generates signals having an exact 
phase difference of 90 degrees and signal having an 
exact phase difference of 180 degrees, from two 
sine wave signals having different phases produced 
by a detector such as an encoder, and effects signal 
insertion base on those signals. 
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A SIGNAL INSERTION PROCESSOR AND AN ENCODER USINC THE PROCESSOR 



BACKGROUND OF THF INUPNrn^r-, 

Field of the Inventio n 

The present invention relates to a signal inser- 
tion processor and a rotary encod er or'inear en- 

a st na U , S,n9 *2 ^s^' m0re Part.eu.ar.y7o 
a signal msertion processor which inserts sionals 

Z2 T erent phases from two - phase ™ 

agnate having a phase difference therebetween to 
produce a pIurality of ^ to 

Phase differences, and an encoder which enhance" 

reSOlutio " P-er by utilizing the s.gna 
insertion processor. y 



Related Background Art 



type it i - f y 6nCOder ° f an '"^mental 

type rt is common to detect a rotation displace- 

u Jnn T 3 r ° tati0n direCti ° n ° f 3 rata «"9 object by 
using two sine wave signals having a predeter- 
mined phase difference therebetween derived frLm 
two photo-detection means 

which" opoIT enCOder> 3 Sin9a ' insertion Circuit 
PhTse d?w 3 P,Ura "' ty ° f Si9na,s "aving a 
for an co ^sponding to a division unit 

for an original s.gnal. and detects zero-crossing 
pomts of the waveform to generate a division pulse 
to improve the detection resolution power 

F\Q. 3 shows a main portion of the prior art 
signal insert.on circuit. Numerals 21 and 22 denote 
nput terminate to which two sine wave slgnate a 

nhni" * " 9 d,fferent phases derived from two" 
Photo-detectors of the encoder are app.ied 7or 

S ? 2 T In 6 Sine ^ Si9nal a from'the inpu 
termmal 21. the since wave signal b having the 

Phase d.fference of 90 degrees is applied ,n h! 

;™i in fs 2-,^ ^ Sf9na ' ^in u 
ha^e JL I ^ P &i t0 30 inverti " 9 buffer 23 so 
that the sine wave signal a is inverted to produce a 

*wZ7r! %T 2 haV '" n "" 9 2 Phase diffe ence of 
180 degrees. The three sine wave signals a b and 
c whose phase differences change by Quleirees 
are wight-summed by resistors R to insert a Jne 
wave s-gnal of a desired phase. In Rg I he 
rectors R have the same resistance so'that two 

eZ:7ST ~ a0d 2 h3Vin9 the P^se dif!" 
ences of 45 degrees and 135 deoree<; a™* ^ 

duced by the insertion. 9 pr °~ 

In general, if the phase difference between the 
wo sine wave signals applied to the si7aMnser- 
Jon area* is exact. y 90 degrees, the signa nse - 
fon ,s done exactfy. However, in actuate phase 
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difference between the signals slightly deviates 
from 90 degrees to 90 t . degrees by va 10us 

For example, in the encoder, the phase dif- 
ference between the two-phase signals is usual 
set by finely adjusting the position or angl o me 
assembled parts. However, i, is difficult to produce 
he two-phase signals having the exact phase def- 
erence of 90 degrees due to the assembling accu- 
racy, and manpower is required and the apparatus 
becomes comp.ex in order to overcome 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide a signal msertion processor which attains ac- 
curate s.gna. insertion even if a phase difference 
between two input sine wave signals is no, exact* 

provide' a a n n0th6r ***** * ** PrSSem inve "«°" to 
provide an accurate and high resolution encoder 
which uses the above signa, insertion process" 
oJU J6Ct °' ^ Presenf in ^ntion to 

cuJa e and m h e T enSiVe 6nCOder whic " a»ains ac- 
curate and h.gh resolution detection even if an 
assembling accuracy is not high. 

BRIEF DESCRIPTION OF THF npaw^ 

* circuit for'an S i!T S H 3 dia9ram ° f 3 Si9nal ins ^on 
circuit for an encoder ,n accordance with one em 

bodiment of the present invention. 

^ Fig. 2 shows a configuration of the encoder. 

«o insert^^rcuit" 0 ^ " ^ ° f 3 #» art -0" 
D g SCR s ,P T ,ON OF THE REFERRED EMBOpj- 



20 



25 



30 



45 



50 



One embodiment of the present invention is 
now explained in detail with reference to 2 Tac- 
companying drawings. Fig. , Sn0ws a diagr ™ o aC a 
main port.on of a signal insertion processorTor an 
encoder, and Fig. 2 shows a conUSn' 5 the 

'n Fig. 1. numerals 1 and 2 denote input termi 

2£? rL Ch ,W ° Sine Wave Si9nals a andTha™" 
different phases are applied from two photo-detec 
tors of the encoder. For example, for Ztx Sne 
wave signal a applied to the input tern^M Z 
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second sine wave signal b having the phase dif- 
ference of approximately 90 degrees (90 ± a) is 
applied to the input terminal 2. Numeral 4 denotes 
a signal combine circuit which comprises resistors 
R1 and R2 having predetermined resistances and a 
variable resistor UR. The signal from the input 
terminal 1 is weight-summed by the resistance VR 
+ R2, and the signal from the input terminal 2 is 
weight-summed by the resistance R1. By properly 
adjusting the variable resistor VR, a third sine wave 
signal b having the exact phase difference of 90 
degrees from the first sine v/ave signal a may be 
generated. 

Numeral 3 denotes an inverting buffer which 
inverts the first sine wave signal a applied to the 
input terminal 1 to produce a fourth sine wave 
signal c having a phase difference of 180 degrees. 

Numeral 5 denotes a buffer. The first and 
fourth sine wave signals a and c as well as the 
third sine wave signal b' are supplied to the buffer 
5 to prevent the succeeding electrical circuit from 
being affected by a change of load status. 

Numeral 6 denotes a signal insertion circuit. 
The signals a, b, and c are applied to the signal 
insertion circuit 6. By properly setting the resis- 
tances of the resistors R3 - R6 of the insertion 
circuit 6, and insertion signal having predetermined 
phase differences from the three signals a, b' and 
c having different phase is produced. 

In the present embodiment, the resistors R3 - 
R6 have the same resistance so that the three sine 
wave signals a, b' and c having the phase differ- 
ences of 0, 90 and 180 degrees, respectively, are 
uniformly weight-summed subtracted. As a result, 
two insertion signals, that is, a sine wave signal d 
having a phase difference of 45 degrees which is a 
mid-point of 0 degree and 90 degrees, and a sine 
wave signal e having a phase difference of 135 
degrees which is a mid-point of 90 degrees and 
180 degrees, are produced. 

In addition to the generation of the insertion 
signal between the reference signals, more signals 
may be inserted by increasing the number of resis- 
tors so that the resolution power is further im- 
proved. 

Fig. 1 shows a principal circuit of the present 
invention, and buffers and amplifiers may be ar- 
ranged at appropriate positions for the respective 
signals. 

Fig. 2 shows a configuration of the encoder 
having the signal insertion processor. A light beam 
emitted from a light source 10 such as a semicon- 
ductor laser which emits a coherent light beam is 
slit into two beams by a beam splitter 11 and it is 
directed to one point on a diffraction grating 12. 
The diffraction grating is formed on an object which 
moves relative to the light beam. In case of a rotary 
encoder, it is formed along a direction of rotation of 



a rotating object, and in case of a linear encoder, it 
is formed along a direction of movement of a 
linearly relatively moved object. The ±1 order dif- 
fracted lights generated by the diffraction grating is 
5 reflected by a reflection optical system 13 and 
directed back to the same position on the diffrac- 
tion grating. The generated re-diffracted light re- 
turns along the substantially same light path as that 
of the input light. The interference lights formed by 
to the re-diffracted light are detected by photo-detec- 
tors 15 and 16 as the interference light having the 
phase difference of 90 degrees by a deflection 
beam splitter 14 and a deflection plate. The detec- 
tion signals produced by the photo-detectors are 

15 applied to a signal insertion processor 17 which is 
identical to that shown in Fig. 1 to produce the 
insertion signal. A pulse output circuit 18 detects 
zero-crossing points of the waveforms of the sine 
wave signals to generate a division pulse, which is 

20 output as a detection pulse representing the rela- 
tive displacement of the diffraction grating. Thus, 
as many detection pulses as the number corre- 
sponding to the displacement (rotation or move- 
ment) of the diffraction grating relative to the in- 

25 cident light beam are produced. 

Since the light beam is directed twice to the 
diffraction grating and the interference light of the 
re-diffracted light is detected, the resolution power 
is high. Further, since double number of pulses are 

30 produced by the insertion for the signal, the resolu- 
tion power is doubled and an encoder having a 
high resolution power is provided. 

The optical arrangement of the encoder is not 
limited to that shown in Fig. 2 but various arrange- 

35 ments such as optical systems shown in USP 
4629886 or USP 4676645 may be used. 

A processor generates signals having an exact 
phase difference of 90 degrees and signal having 
an exact phase difference of 180 degrees, from two 

40 sine wave signals having different phases produced 
by a detector such as an encoder, and effects 
signal insertion base on those signals. 



45 Claims 

1 . A signal processor comprising: 

input means for inputting a first sine wave signal 
and a second sine wave signal having different 

so phases; and 

combination means for weight-summing/subtracting 
the input first and second sine wave signals to 
produce a third sine wave signal having a phase 
difference of 90 degrees from the first sine wave 

55 signal. 

2. A signal processor according to Claim 1 
further comprising: 

inversion means for inverting the first sine wave 
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signal to produce a fourth sine wave signal having 
a phase difference of 180 degrees from the first 
sine wave signal; and 

insertion means for inserting a sine wave having a 
£^ 1 difference relative to the first, third 
and fourth sine wave signals. 

3. A signal processor according to Claim 2 

stor^'lT- M erti ° n mea " S Pr ° duces an insert ™ 
signal by we.ght-summing/subtracting the first, third 
ana fourth sine wave signals. 

4 A signal insertion processor for an encoder 
comprising: 

input means for inputting a first sine wave signal 
and a second sine wave signal having different 
encoder- * ,W ° phot °- dete ctors of the 

STSSJ 0 ? 7 eanS wei 9 ht - s ^^in9'subtracting 
the input first and second sine wave signals to 
Produce a third sine wave signal having a pLe 
difference of 90 degrees from the firs, sine wave 

TnZlT f ° r inVertin9 tne first sir * wave 

signal to produce a fourth sin* 

a phase difference of 180 degrees from1h7firs1 
sine wave signal; 

insertion means for inserting a sine wave signal 

firsTthird Hi 6 " differSnCe re,ative to *e 

first, third and fourth sine wave signals- and 

oeH^f r ^ Pr ° dUCing 3 Pulse determined by 
periods of the firs, to fourth sine wave signals and 

means ^ " Wertod by Said ins ^ion 

5 A signal insertion processor for an encoder 

P^ce? t0 Cbim 4 Wh6rein S3id inSertion ™£ 
produces an msertion signal by weiqht- 

ZTZT actin9 the first - third and fourth *™ 

sor, compiTnr haV ' n9 * *?* ^ »~- 

beam to a diffraction grating- 

detection means including two photo-de,ectors for 

detect interference lights by diffracted fight from 

the diffraction grating by shifting phases- 
input means for inputting a fi rs , sin e wave signal 
and a second sine wave signal having different 
Phases produced by said two photo-deteLrs 
combination means for weight-summing/subtracting 
the input first and second sine wave signals to 
produce a third sine wave signal having a phase 
drfference of 90 degrees from the first sine wave 

TaZtrn ^ f ° r lnVertin9 the first sine wave 
a ohll h-^ ^ 3 f ° Urth Sine Wave si 9"a< having 
a phase difference of 180 degrees from the firsl 
sine wave signal; 

insertion means for inserting a sine wave signal 
having a desired phase difference relative to the 
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first, third and fourth sine wave signals and 
output means for producing a pulse determined by 
penods of the firs, to fourth sine wave signals and 

meanT ^ by Said insertion 

7. An encoder according to Claim 6 wherein 
said encoder is a rotary encoder, said diffraction 
grat ng is formed along a direction of rotation of a 
rotatmg object, and said output means produces as 
many pulses as the number representing ,he rota- 
tion amount of the diffraction grating. 

8. An encoder according to Claim 6 wherein 
said encoder is a linear encoder, said diffraction 
gratmg ,s formed along a direction of movement of 
a moving object, and said output means produces 
a many pulses as the number representing a 
displacement of the diffraction grating 

said 9 |'int n r C ° der aCCOrdin 9 10 C 'aim 6 wherein 
said light source means includes a semiconductor 

«, *l en ° 0der accordin 9 to Claim 6 wherein 
said msertion means produces an insertion signal 
uy weignt-summing/subtracting the first, third and 
fourth sine wave signals. 

c a ,H 11 \ An enCOder accordin 9 to Claim 6 wherein 
sa d output means produces pulses by detecting 
zero-crossing points of the sine wave signals 



55 



4 



EP 0 394 942 A2 



| O f * 



2 O 



90°±c* 




BUFFER 



T 

5 



ISO 




o 0" 



o 45' 



o 90' 



* — 0 135° 



*— OI8CT 



i 

6 



F I G. I 



2 I O » 



22 o- 



0° 



b 90 (±oC) 
— »» _ 



R 
R 




R 
R 



180° 



-o 0° 



-o 45° 



■o 90° 



■* o 135° 



-o 180° 



F I G. 3 



EP 0 394 942 A2 




F I G. 2 



I 



J 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 



EP 90 10 7701 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. CI.5) 



X 

A 
A 



EP-A-0 302 194 (DR. J. HEIDENHAIN GMBH) 
* abstract; columns 3,4; figures 1*3 " 



EP-A-0 311 144 (SONY MAGNESCALE INC.) 
'abstract; claim 1; figure 1 ' 

DE-A-3 333 393 (TOKYO SHIBAURA DENKI K.K.) 

• claim 1 ; figures 1,5-8 * 

GB-A-1 368 204 (BENDIX CORPORATION) 

• page 2; figures 1A.2 * 



The present search report has been drawn up for all claims 



Place of search 



Berlin 



1 

4,6 
4,6 

1-3 

1-4,6 



G 01 D 5/34 
G 01 D 5/244 
G 01 D 5/38 



TECHNICAL FIELDS 
SEARCHED (int. CI.5) 



G 01 D 



Date of completion of search 
22 October 91 



VORROPOULOS G 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant if taken alone 
Y : particularly relevant if combined with another 

document of the same catagory 
A : technological background 
O: non-wrttten disclosure 
P : Intermediate document 

T ; theory or principle underlying the invention 



E : earlier patent document, but published on. or after 

the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member oi the same patent family, corresponding 
document 



THIS PAGE BLANK 



(USPTO) 



DOCKET NO: k&zMt 



SERIAL NO: lQp^£22 
APPLICANT: JLasfc 



LERNER AND GREENBERG RA. 

PO. BOX 2480 
HOLLYWOOD. FLORIDA 33022 
TEL (954) 925-1100 



